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. Observed daily average temperature compared with daily average PM2.5 fossil carbon, PM2.5 contemporary carbon, PM2.5 organic carbon, and PM2.5 elemental carbon at Pasadena. Figure S4b . Observed daily average temperature compared with daily average PM2.5 fossil carbon, PM2.5 contemporary carbon, PM2.5 organic carbon, and PM2.5 elemental carbon at Bakersfield. Figure S5 . Observed contemporary carbon fraction, PM2.5 contemporary carbon, PM2.5 fossil carbon, and PM2.5 elemental carbon by day of the week for Pasadena and Bakersfield. Figure S11. Episode average baseline (top row) and sensitivity (bottom row) model bias and error for PM2.5 organic carbon at CSN (circles) and IMPROVE (squares) sites. The large underestimate at the location in northeast California is related to model underestimates of elevated concentrations during a cold period in this area which may have resulted in increased residential fuel combustion. In general, the model underestimates organic carbon, most notably in urban areas. Rural areas dominated by biogenic sources show minimal bias and error.
Sampling and Analysis Methods
CalNex ground measurements took place in Pasadena, CA from 15 May -15 June 2010 and in Bakersfield, CA from 15 May -30 June 2010. Filter samples for SOA are integrated for 23-h periods starting at midnight of the designated sampling day. In total, there are 32 filter samples from Pasadena and 36 from the Bakersfield site. The sampling protocols have been described in detail elsewhere (Kleindienst, Lewandowski et al. 2010 ). PM2.5 was collected on quartz filters using high volume PM2.5 samplers operated at 0.226 m 3 min -1 . Each sampler consists of a PM2.5 inlet (Tisch Environmental, Cleves, OH) followed by a 90-mm pre-combusted quartz filter (Pall-Life Sciences, East Hills, NY). Organic carbon denuders were not used in-line for these samples.
For the analysis of the SOA tracer compounds, filters and field blanks were treated using the method described by Kleindienst et al. (Kleindienst, Jaoui et al. 2007 ). Filters were soxhlet extracted for 24 hours using 125 mL of a 1:1 (v/v) dichloromethane:methanol mixture. Prior to the extraction, cis-ketopinic acid and tetracosane-d50 were added as internal standards. Filter extracts were rotary evaporated to a volume of 1 mL, then evaporated to dryness with ultrazero nitrogen. Extracts were derivatized with 250 µL BSTFA (1% TMCS catalyst) and 100 µL pyridine to give a final volume of 350 µL. The silylated extracts were analyzed by GC-ion trap mass spectroscopy (ITMS) in the methane-CI mode. Further detailed aspects of the analytical methodology have been given by Jaoui et al. (Jaoui, Kleindienst et al. 2004 ).
The mass spectral analysis for the organic compounds used as secondary molecular tracers has been described (Edney, Kleindienst et al. 2003) . The tracer compounds are grouped by major ion fragments (Kleindienst, Jaoui et al. 2007 ). Since standards do not exist for the majority of these compounds, the concentrations of all of the tracers were measured as ketopinic acid (KPA). GC-MS analysis for the tracer compounds was conducted using the total ion chromatogram (TIC) or, in cases where coelution or extremely weak signals occurred, by a selected ion technique. By this method, a factor is determined from laboratory samples of the non-co-eluted peaks that represent the fraction of the five ion intensity to the total ion intensity for each tracer compound. The use of the five-ion-to-TIC calibration factor was found to give more consistent concentration estimates than found using a single ion.
The actual or simulated TIC area was then used to calculate the tracer concentrations as KPA. An assessment of the accuracy of this technique has been estimated as 60% for pinic and norpinic acids (Jaoui, Kleindienst et al. 2005) , two compounds for which independent standards were produced. The technique should not introduce major uncertainties into the contribution estimates from the field data, since the same analytical procedures were used to establish the laboratory-based mass fractions, thus, compensating for systematic errors found in laboratory and field samples. For the determination of the total carbon, a 1.45 cm 2 punch was taken from a representative quartz filter and analyzed using the National Institute of Occupational Safety and Health (NIOSH) or thermal-optical transmittance (TOT) method, as described by Birch and Cary (Birch and Cary 1996) . Values for OC were corrected for filter background levels. The minimum detect limit for the SOA tracer species is 0.1 ng/m 3 .
Canisters for volatile organic compound (VOC) analysis were also collected at the two sites. A total of 41 samples were collected at the Bakersfield site and 31 at Pasadena. Samples were collected in evacuated (ca. 1 atm below ambient pressure) 6-liter canisters using Entech CS1200 samplers. Attached to the CS1200 samplers were Entech TM1100 systems that consisted of a battery operated off/on valve activated by a timer control element. The valve was open for a 3-h collection during the 6:00 -9:00 a.m. (local daylight time) period. The samples were analyzed by GC-FID and reported compounds were identified by a GC retention time index using a calibration table (CALTABLE) of 402 VOCs developed specifically for GC system. Compounds equal to or less than the detection limit of 0.05 ppbC were defined as zero for comparison presentation of paired experimental and modeled estimates.
CMAQ AE6 treatment for SOA presented by volatility and O:C ratio
Modeled organic aerosol species, semi-volatile partitioning gas phase analogs, and VOC precursors are matched with a volatility bin assignment based on saturation vapor pressure (C*) (Table S3 ). C* values for semi-volatile and aerosol species are taken from (Carlton et al., 2010) and calculated for gas-phase VOCs based on (Pankow et al., 1994) (Table S3 and Equation S1). The saturation vapor pressure of sesquiterpenes has not been measured and bin assignment is somewhat arbitrary; sesquiterpenes are placed in the log(C*)=5 bin, two bins lower than monoterpenes and four bins lower than isoprene. Model reference C* values are translated to local conditions at each sampling location by employing the species-specific enthalpy of vaporization (ΔHvap). Mass concentrations of gas-phase species were calculated from the CMAQ reported mixing ratios (ppbv):
Where Xi is the gas phase mixing ratio in ppbv for species i, P and T are the location specific instantaneous pressure and temperature respectively, R is the ideal gas constant, and MWi is the species molecular weight.
CMAQ predictions of organic material during CalNex are dominated by gas phase species. This is generally true and consistent with early measurements in California (Fraser et al., 1996) . Episode average gas and particle organic carbon estimated by CMAQ for each ground site are shown in Figure  S11 by saturation vapor pressure. Most of the carbon mass is either in the gas phase or non-volatile aerosol. Mass in the semi-volatile space is largely in the gas-phase. This suggests the potential exists for additional modeled SOC but this space is difficult to constrain due to limited available gas phase measurements. This Figure also shows gaps in the model representation of PM2.5 organic carbon volatility distribution. Additional precursors with a saturation vapor pressure less than 10 8 µg/m 3 (such as IVOCs) could ameliorate some of the SOC under prediction (Shrivastava et al., 2008) .
Smog chamber experiments conducted at high mass loadings and the SOC parameterizations developed from those experiments, and used in CMAQ, may be a contributing factor to the absence of material in low volatility bins, possibly due to bin mis-assignment (Stanier et al., 2008) . It would also seem that some material mapped to the "non-volatile" bin actually exhibit some partitioning and should be elsewhere in the distribution, i.e., -4<log10C*<-1. Missing SOC from PAHs (the naphthalene tracer) would contribute organic material to bins 0 and 2 with an O:C ratio ~0.5 (Chan et al., 2009b; Pye and Pouliot, 2012) and would not ameliorate the empty gaps. As noted previously, the modeling system does well at replicating total VOC but tends to underestimate aerosol carbon at these sites during this time period. For model applications requiring yields of species with saturation concentrations less than 0.1 µg/m 3 , experiments must be able to measure similarly low concentrations to provide robust parameters (Stanier et al., 2008) .
Volatility Estimation   Table S3 . Calculation of volatility bin for gas phase organic species.
Equation S1
.
Note that ߦ is assumed to be 1. This assumption is useful as an index for comparison among species but does not provide a complete description of the partitioning potential of water-soluble organic species. Carbon and Oxygen Relationships 0.80 0.83 NOTE: This analysis is somewhat limited in its application to AOLGA, AOLGB and AORGC. AOLGA and AOLGB represent oligomerization with a potentially changing number of carbon atoms. AORGC represents carboxylic acid and high molecular weight compounds (max O:C of 2). The assigned MW of ATRP1, ATRP2, AXYL1, AXYL2, AXYL3 and AOLGA is not able to accommodate H atoms consistent with the assigned OM:OC ratios. Figure S11 . Episode average CMAQ organic mass (baseline on left and sensitivity on right) plotted by saturation vapor pressure. Gaps in the distribution are associated with chemical properties that potentially provide insight regarding the identity missing organic aerosol mass noted in CMAQ predictions. Model baseline estimates shown at left and sensitivity simulation at right.
